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Robotic lunar missions
D. Mackenzie, New Scientist, July 11 2008
Robotic lunar missions at MSFC
• Lunar Precursor Robotics Program (LPRP)
Robotic missions to gather lunar environmental data to advance U S–          . . 
exploration objectives earlier and with less cost
– LRO and LCROSS
• Discovery Program 
– Small PI-led science missions, competed among all science
– M3 and GRAIL
L S i P• unar c ence rogram
– Robotic missions to accomplish key lunar scientific objectives
– LRO, which will transition after one year of operations to SMD for a 2-
year nominal science mission LADEE and two landed payloads as part   , ,       
of the International Lunar Network (ILN) 
LRO (2009)
• Lunar Reconnaissance Orbiter (LRO) – initiated in 2004 as the first step 
back to the Moon in the Vision for Space Exploration         
• Exploration Systems Mission Directorate (ESMD) – focus is on datasets to 
help plan human activities
• Goddard project, managed under LPRP at MSFC
• Objectives:
• Characterization of the lunar 
radiation environment, 
biological impacts, and 
potential mitigation
• High resolution global 
topography necessary for   
selecting future landing sites
• Assess resources and 
environments of lunar polar 
ireg ons
• High spatial resolution visible 
imagery
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LCROSS (2009)
• Lunar Crater Observation and Sensing 
Satellite chosen as a secondary,     
payload on LRO vehicle
• Ames project under LPRP 
management
• Objectives: to reveal the presence & 
nature of water ice on the Moon
Sh h di S/C di t th C t• ep er ng  rec s e en aur 
into a permanently-shadowed crater
• The S-S/C observes the ejecta cloud, 
d th t th l d ian  en en ers e c ou  us ng 
several instruments looking for water 
• Lunar-orbital and Earth-based assets 
will also be able to study both clouds        
(LRO, Chandrayaan-1, HST, etc)
LCROSS Instruments
1 Visible Context Camera:
4 color, 6 degree FOV, <0.5 km 
DHU
resolution at T-10 min to S-S/C impact
2 NIR Cameras
1.4 μm water ice band depth maps
1 km resolution at T-10 min
Spec 
sensor
Baffle
     
2 mid-IR Cameras
7 and 12.3 μm
< 0.5 km resolution
Spec 
sensor
Spec
1 Visible Spectrometer
0.25 to 0.8 μm, ~0.002 μm resolution
2 NIR Spectrometers
 
sensor
Observation 
deck 
sensors
1.35 to 2.45 μm, 0.012 μm resolution
1 Total Visible Luminance Photometer
Broadband from 0.6 – 1.2 μm, sample 
rate >1000 Hz < nW NEP @ 1000 Hz  ,      
GRAIL (2011)
• Gravity Recovery and Interior Laboratory, an SMD PI-led mission by 
Dr Maria Zuber at MIT managed by Discovery program.    ,    
• Based on GRACE on the Earth - twin spacecraft with mutual 
microwave ranging to very precisely map the moon's gravity field
Moon Mineralogy Mapper (2008)
• Discovery PI-led instrument by Carle 
Pieters at Brown University on     
Chandrayaan-1
• Imaging spectrometer (VIS-NIR) to map 
the lunar surface at high spatial and       
spectral resolution
• Objectives: characterize and map the 
mineral composition of the lunar surface      
to gain information about the Moon's 
geologic evolution
LADEE (2011)
• Lunar Atmosphere, Dust and Environment Explorer, Ames/GSFC 
project, managed by Lunar Science Program at MSFC
• Goals:
       
• Instruments: Neutral Mass Spectrometer, UV/VIS spectrometer, Dust 
counter
– Determine the global density, 
composition, and time variability of 
the fragile lunar atmosphere before it 
is perturbed by further human activity     
– Determine if the Apollo astronaut 
sightings of diffuse emission at 10s of 
km above the surface were Na glow 
or dust
– Document the dust impactor 
environment (size-frequency) to help 
guide design engineering for the     
outpost and also future robotic 
missions
ILN (2014)
• International Lunar Network– a 
geophysical network to accomplish high 
priority science, but difficult for any single 
agency to accomplish on its own
• US and international landed missions, 2-4 
US Landers planned, project at 
MSFC/APL, managed by Lunar Science 
Program at MSFC
• Goals: understand the interior structure 
and composition of the moon
– Determine the thickness of the lunar crust 
( d l )upper an  ower  
– Characterize the chemical/physical 
stratification in the mantle
Determine the size composition and state–   , ,   
(solid/liquid) of the core of the moon.
– Characterize the thermal state of the interior
ILN (2014)
• US Science Definition Team 
recommended seismometers heat flow ,   
probes, electromagnetic sounding, laser 
ranging (active or passive)
• International Core Instruments Working    
Group chartered July 2008 to define core 
ILN instruments
• International Communications Working   
Group also chartered July 2008 to 
coordinate communication and navigation  
needs to support ILN and beyond,  
including spectrum, standardized 
communication protocols standardized 
data and networking protocols
Summary
• NASA is undertaking a sustainable yet comprehensive approach to 
robotic investigation of the moon to support science and exploration          
objectives
• The lunar flight projects being undertaken by NASA provide a robust 
robotic lunar flight program for the next decade, complement lunar 
R&A initiatives to rebuild a lunar science community, and increase 
international participation in NASA’s exploration plans
MSFC/APL
